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NASAL SOLUTIONS 



The present invention relates to pharmaceutical compositions intended for nasal 
administration. More specifically, it concerns liquid nasal formulations with improved 
moisturizing properties. 

The nasal administration of active substances is a widely used method of treatment. Active 
substances which come into consideration are, for example, vasoconstrictors, such as 
xylornetazoline, or antiallergic agents, such as cromoglycic acid or H, receptor antagonists, 
e.g. dimethindene maleate. Another group of possible active substances is e.g. 
corticosteroids, such as beclomethasone or fluticasone. 

The indications in which a certain nasally administered drug is to be applied are known in 
the art. For example, vasoconstrictors are e.g. used as nasal decongestants for alleviating 
the typical symptoms of common cold, like running nose, obstructed nose etc., or in rhinitis 
or sinusitis. Antiallergic agents and corticosteroids are e.g. used in antiallergic conditions, 
e.g. hay fever, or in anti-asthmatic or anti-inflammatory conditions. 

Nasal administration of active substances in liquid form, e.g. in the form of drops, a solution 
or a spray - opposite to nasal administration in gel form - is desirable inter alia because of a 
much better distribution of the active substances within the - partly tiny - nasal cavities and 
an easier handling and dosing, e.g. in pediatric or geriatric patients. 

However, upon administration of liquid nasal formulations often the patients are suffering 
from side-effects like burning, dryness, stinging of the nasal mucosa or sneezing. One of 
the reasons for this is that liquids - in contrast to gels - normally do not remain in the nasal 
cavities for a long period of time but are washed out fast. 

The present invention addresses these problems and provides liquid nasal formulations 
which do not only moisturize the nasal mucosa but also keep it sufficiently moisturized for a 
prolonged period of time. As a result, liquid nasal pharmaceutical compositions having 
excellent and prolonged moisturizing properties are obtained. 



WO 99/38492 



-2- 



PCT/EP99/00555 



The invention relates to a liquid nasal pharmaceutical composition which comprises 

(a) one or more active substances suitable for nasal administration, 

(b) sorbitol; 

(c) a water-soluble d-C^alkyl-cellulose derivative; 

(d) a vehicle which is present in an amount of at least 90% (m/V) of the total composition, 
and which is selected from water and mixtures of water with propylene glycol, water with 
glycerol and water with both propylene glycol and glycerol, whereby in all said mixtures 
water is present in an amount of at least 95% (m/V); and 

(e) optionally one or more nasally acceptable excipients. 

Liquid nasal pharmaceutical compositions are e.g. drops, solutions, sprays (nebulizers) or 
metered-dose sprays. Typically, they are in the form of fluid solutions, but in one 
embodiment of the invention they may also be present in a slightly viscous form, e.g. like a 
syrup. However, they all can be clearly discriminated from nasal formulations in gel form in 
that they - in contrast to gels - are able to form drops and can be used as sprays. 

Active substances suitable for nasal administration (a) are e.g. vasoconstrictors, e.g. 
xylometazoline, e.g. xylometazoline hydrochloride; indanazoline, metizoline; naphazoline, 
e.g. naphazoline hydrochloride; fenoxazoline, e.g. fenoxazoline hydrochloride; 
oxymetazoline, e.g. oxymetazoiine hydrochloride; tetrahydrozoline, tramazoline, tymazoline; 
phenylephrine, e.g. phenylephrine hydrochloride; ephedrine, e.g. d-pseudoephedrine 
hydrochloride; or epinephrine; or antiallergic agents, such as (1) cromoglycic acid ( = 
cromolyn) or a nasally acceptable salt thereof, e.g. the disodium salt ( = disodium 
cromoglycate), or (2) Hi receptor antagonists, e.g. dimethindene or a nasally acceptable 
salt thereof, e.g. dimethindene maleate; acrivastine, brompheniramine, chlorpheniramine, 
dexchlorpheniramine, triprolidine, bromodiphenhydramine, clemastine, phenyltoloxamine, 
piprinhydrinate, pyrilamine, tripelennamine, cetirizine, hydroxyzine, methdilazine, 
promethazine, trimeprazine, azatadine, cyproheptadine, loratadine, astemizole, 
diphenhydramine, levocabastine or terfenadine. Examples for corticosteroids are e.g. 
beclomethasone, e.g. beclomethasone dipropionate, or fluticasone, e.g. fluticasone 
propionate. All active substances which are capable of salt formation may be present either 
in free form or in the form of a nasally acceptable salt. Also mixtures of more than one 
active substance come into consideration, e.g. a combination of a vasoconstrictor and an 



WO 99/38492 

-3 

antiallergic agent, such as xylometazoline plus cromoglycic acid or phenylephrine plus 
dimethindene, or a combination of a vasoconstrictor and a corticosteroid, such as 
xylometazoline plus beclomethasone. 

In one embodiment of the invention, the active substances used are vasoconstrictors, e.g. 
xylometazoline, naphazoline, fenoxazoline, oxymetazoline, tetrahydrozoiine, tramazoline, 
phenylephrine, ephedrine or epinephrine, or any nasally acceptable salt thereof. In 
particular preferred are xylometazoline and oxymetazoline and any nasally acceptable salts 
thereof. 

The concentration of the active substances is typically chosen so that a pharmaceutical^, 
i.e. nasally, effective dose thereof can be administered easily, e.g. by a certain number of 
drops or by spraying once or twice. 

For example, if a vasoconstrictor is used as active substance (a), it is e.g. present in an 
amount of from 0.005 up to 0.5%, preferably of from 0.01 up to 0.3%, and in particular of 
from 0.025 up to 0.2% (m/V) of the total composition. 

Sorbitol (b) can be applied e.g. in solid form or as aqueous solution, e.g. as a 50-80% - in 
particular 70% - non-crystallizing aqueous solution. 

Sorbitol (b) is e.g. present in an amount of from 0.5 up to 5%, especially of from 0.5 up to 
4.5%, more especially of from t up to 3% and in particular of from 1 .2 up to 1 .6%, (m/V) of 
the total composition. 

A water-soluble Ci-C 4 -alkyl-cellulose derivative (c) is e.g. methyl cellulose or a (hydroxy or 
carboxy)-substituted CrC 4 -alkyl-cellulose, e.g. hydroxypropyl methyl cellulose, hydroxyethyl 
cellulose, hydroxypropyl cellulose, ethyl hydroxyethyl cellulose or carboxymethyl cellulose, 
e.g. carboxymethyl cellulose sodium. Preferred are hydroxypropyl methyl cellulose, methyl 
cellulose and carboxymethyl cellulose, especially hydroxypropyl methyl cellulose and methyl 
cellulose, and in particular hydroxypropyl methyl cellulose. 
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The water-soluble Ci-C 4 -alkyl-cellulose derivative (c), especially hydroxypropyl methyl 
cellulose, is typically applied in solid form with viscosity grades ranging of from 400 up to 
15000 mPa«s, especially of from 1000 up to 6000 mPa-s. 

The water-soluble Ci-C 4 -alkyl-cellulose derivative (c), especially hydroxypropyl methyl 
cellulose, is e.g. present in an amount of from 0.1 up to 5%, preferably of from 0.2 up to 
1.9%, and in particular of from 0.3 up to 1%, (m/V) of the total composition. 

The amount of (c) must be adjusted so that the resulting nasal formulation remains liquid. It 
strongly depends on the viscosity grade of the cellulose derivative used. So while an 
amount of 0.5% of (c) with a viscosity grade of 4000 mPa»s may be suitable, the amount of 
(c) having a higher viscosity grade may have to be reduced accordingly, and vice versa. 

Preferred is the use of 0.3 up to 0.7% (m/V) of hydroxypropyl methyl cellulose with a 
viscosity grade of from 3000 up to 5000 mPa«s. 

The vehicle (d) is present in an amount of at least 90%, preferably at least 92%, more 
preferably at least 95%, especially at least 96% and in particular at least 97%, (m/V) of the 
total composition. 

The vehicle (d) is preferably water. If a mixture of water with propylene glycol and/or 
glycerol is applied as vehicle (d), water is present in an amount of at least 95%, preferably 
at least 97% and especially at least 98%, (m/V) in said mixtures. 

Moreover, the nasal compositions of the invention may contain usual excipients, (e), which 
are known in the art and include buffering agents, chelating agents, preservatives, 
isotonicity regulators and the like. 

In a preferred embodiment of the invention, the nasal compositions of the invention contain 
essentially the following components as excipients (e): sodium dihydrogen phosphate 
dihydrate [preferred amounts of total composition: 0.3-0.7% (m/V)] and disodium phosphate 
dodecahydrate [preferred amounts of total composition: 0.12-0.25% (m/V)] as buffering 
agents, disodium edetate [preferred amounts of total composition: 0.02-0.08% (m/V)] as 
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chelating agent, benzalkonium chloride [preferred amounts of total composition: 
0.005-0.02% (m/V)] as preservative, and sodium chloride [preferred amounts of total 
composition: 0.20-0.60% (m/V)] as isotonicity regulator. 

The nasal compositions of the invention show e.g. excellent moisturizing properties, and 
they are excellently accepted by test persons. A significant reduction of symptoms like 
burning, dryness, stinging of the nasal mucosa or sneezing is found upon administration of 
the compositions. 

The beneficial properties of the compositions of the invention can be demonstrated e.g. in 
the tests described in the following references: 

Leuba, D., de Ribaupierre, Y. and Kucera, P. ion transport, ciliary activity and 
mechanosensitivity of sinusal mucosa: an in vitro study. Amer. J. Physiol. 271 , L349-L358, 
1996. 

Alberty, J. The effect of antiallergic intranasal formulations on ciliary beat fequency of 
human nasal epithelium in vitro. Allergy 53, 986-989, 1998. 

Su, X.Y., Mattern, C, Haecker, R. and Li Wan Po, A. Does sea-water made isotonic affect 
ciliary beat frequency? Int. J. of Pharmaceutics 123, 47-51, 1995. 

Especially, the nasal compositions of the invention show unexpected and superior 
properties what the transmucosal ion transport is concerned. The latter can be studied in 
vitro e.g. by the 'Voltage clamp technique": In this method, the compositions are applied 
onto the ciliary surface, and the passive ionic flux is measured in the sense that positive 
charges flow across the mucosa from ciliary to submucosal side (which contains a Tyrode- 
bicarbonate buffer as a control solution). With the compositions of the invention, a 
surprisingly increased passive ionic flux is obtained. Therefrom one can conclude that the 
compositions of the invention will favor the transmucosal hydro-electrical turnover on which 
is based the secretion and absorption of the mucosal "sol phase" ( comprising water and 
ions). Therefore in situ, where the mucus is constantly cleared by ciliary transport, the 
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compositions of the invention will - to an unexpectedly great ext nt - stimulate the hydro- 
electrolyte secretion by the respiratory epithelium. 

Moreover, consumer research studies show that the nasal compositions of the invention, 
surprisingly, are perceived more moisturizing and less drying than analogous commercially 
available compositions (e.g. Otrivin® regular). 

Thus, it has surprisingly been found that just the pharmaceutical compositions of the 
present invention result in liquid nasal formulations with such excellent properties as 
outlined above. 

The nasal compositions of the invention can be manufactured in a manner known per se, 
for example by conventional mixing and dissolution methods in aqueous vehicles. 

The following examples illustrate the invention but do not limit it in any way. 

Example 1 : Nasal drops containing 0.1% (m/V) of Xvlometazoline hydrochloride 



Xylometazoline hydrochloride 0.10 % 

Sodium dihydrogen phosphate dihydrate 0.50 % 

Disodium phosphate dodecahydrate 0.17 % 

Disodium edetate 0.05 % 

Benzalkonium chloride 0.01 % 

Sorbitol (70% in water, non-crystallizing) 2.00 % 
Hydroxypropyl methyl cellulose (viscosity 4000 mPa«s) 0.50 % 

Sodium chloride 0.40 % 

Purified water 97.17 % 



100.90% (m/V) 

Manufacturing method (for a batch of 50 liters): Introduce 48.385 kg of purified water into a 
dissolutor. Heat to 80°C and add under stirring sodium dihydrogen phosphate dihydrate, 
disodium phosphate dodecahydrate, disodium edetate, sorbitol and sodium chloride. 
Disperse slowly under stirring the hydroxypropyl methyl cellulose into the solution obtained. 
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Cool the solution to 25°C. Dissolve separately the benzalkonium chloride in 200g purified 
water under stirring. Add the benzalkonium chloride solution to the former solution. Add 
xylometazoline hydrochloride to the solution and dissolve under stirring. Filter solution 
through a mesh screen (ca. 50 micron). 

Example 2 : Nasal sprav containing 0.05% (m/V) of Oxvmetazoline hydrochloride 
The composition and manufacturing method is the same as in Example 1 , with the 
exception that 0.05% oxymetazoline hydrochloride is used (instead of 0.10% xylometazoline 
hydrochloride) and the content of purified water is 97.22% (instead of 97.17%). The solution 
is filled into a squeeze bottle fitted with a nosepiece and a protection cap. 
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Claims 

1 . A liquid nasal pharmaceutical composition which comprises 

(a) one or more active substances suitable for nasal administration, 

(b) sorbitol; 

(c) a water-soluble d-C 4 -alkyl-cellulose derivative; 

(d) a vehicle which is present in an amount of at least 90% (m/V) of the total composition, 
and which is selected from water and mixtures of water with propylene glycol, water with 
glycerol and water with both propylene glycol and glycerol, whereby in all said mixtures 
water is present in an amount of at least 95% (m/V); and 

(e) optionally one or more nasally acceptable excipients. 

2. A pharmaceutical composition according to claim 1 , wherein the active substance (a) is 
selected from the group consisting of vasoconstrictors, antiallergic agents and 
corticosteroids. 

3. A pharmaceutical composition according to claim 1 , wherein the active substance (a) is 
selected from the group consisting of vasoconstrictors and antiallergic agents. 

4. A pharmaceutical composition according to claim 1 , wherein the active substances (a) 
represent a combination of a vasoconstrictor and an antiallergic agent. 

5. A pharmaceutical composition according to claim 1 , wherein the active substance (a) is 
selected from the group of vasoconstrictors consisting of xylometazoline, naphazoline, 
fenoxazoline, oxymetazoline, tetrahydrozoline, tramazoline, phenylephrine, ephedrine, 
epinephrine, and a nasally acceptable salt of any of these compounds. 

6. A pharmaceutical composition according to claim 1 , wherein the active substance (a) is 
selected from the group of vasoconstrictors consisting of xylometazoline, oxymetazoline 
and a nasally acceptable salt of any of these two compounds. 

7. A pharmaceutical composition according to any one of claims 1 to 6, wherein sorbitol (b) 
is present in an amount of from 0.5 up to 5% (m/V) of the total composition. 
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8. A pharmaceutical composition according to any one of claims 1 to 7, wherein the water- 
soluble Ci-C 4 -alkyl-cellulose derivative is selected from the group consisting of methyl 
cellulose and (hydroxy or carboxy)-substituted Ci-C 4 -alkyl-celluloses. 

9. A pharmaceutical composition according to any one of claims 1 to 7, wherein the water- 
soluble Ci-C 4 -alkyl-cel!ulose derivative (c) is hydroxypropyl methyl cellulose. 

10. A pharmaceutical composition according to any one of claims 1 to 9, wherein the water- 
soluble C 1 -C 4 -alkyl-cellulose derivative (c) is present in an amount of from 0.3 up to 1% 
(m/V) of the total composition. 

1 1 . A pharmaceutical composition according to any one of claims 1 to 10, wherein the 
vehicle (d) is water. 

12. A pharmaceutical composition according to any one of claims 1 to 1 1 , which contains as 
nasally acceptable excipients (e) essentially the following components: sodium dihydrogen 
phosphate dihydrate and disodium phosphate dodecahydrate as buffering agents, disodium 
edetate as chelating agent, benzalkonium chloride as preservative, and sodium chloride as 
isotonicity regulator. 

13. A pharmaceutical composition according to any one of claims 1 to 12, which contains as 
nasally acceptable excipients (e) essentially the following components: 0.3-0.7% sodium 
dihydrogen phosphate dihydrate and 0.12-0.25% disodium phosphate dodecahydrate as 
buffering agents, 0.02-0.08% disodium edetate as chelating agent, 0.005-0.02% 
benzalkonium chloride as preservative, and 0.20-0.60% sodium chloride as isotonicity 
regulator. 

14. A pharmaceutical composition according to any one of claims 1-5 and 7-13, which 
consists essentially of 0.025-0.2% of one or more vasoconstrictors selected from the group 
consisting of xylometazoline, naphazoline, fenoxazoline, oxymetazoiine, tetrahydrozoline, 
tramazoline, phenylephrine, ephedrine, epinephrine, and nasally acceptable salts of said 
compounds; 1 .2-1 .6% sorbitol, 0.3-0.7% hydroxypropyl methyl cellulose, 0.3-0.7% sodium 
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dihydrogen phosphate dihydrate, 0.12-0.25% disodium phosphate dodecahydrate, 
0.02-0.08% disodium edetate, 0.005-0.02% benzalkonium chloride and 0.20-0.60% sodium 
chloride, the remainder being water. 

15. A pharmaceutical composition according to claim 14, wherein the vasoconstrictor 
selected is xylometazoline hydrochloride. 

16. A pharmaceutical composition according to any one of claims 1 to 15, which is in the 
form of drops, a solution, a spray or a metered-dose spray. 
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